Little is known about West Nile virus (WNV) in non-domestic (i.e., wild or feral) horses ( Equus caballus ) beyond serologic surveys that have reported WNV antibody prevalence from < 1% to 63% of animals tested. [1] [2] [3] [4] The Bureau of Land Management currently manages an estimated 33,700 wild horses in 10 of the western United States. 5 As part of the management of these herds, non-domestic horses are routinely rounded up or "gathered" by natural resource management agencies to reduce populations. We report five non-consecutive years of study to determine seroprevalence against WNV in feral horses on Sheldon National Wildlife Refuge in Nevada, United States, by using serum samples obtained during horse gathers.
Sheldon National Wildlife Refuge (Refuge) ( Figure 1 ), managed by the U.S. Fish and Wildlife Service, consists of approximately 575,000 acres in northwest Nevada (41°48′N, 119°14′W). We obtained portions of 1,397 serum samples from horses gathered on the Refuge, originally collected to test for equine infectious anemia, for flavivirus screening. These samples represented 15-40% of the minimum population on the Refuge each year, during 2004-2006 and 2008-2009 ( Table 1 ) . Horses were captured primarily by using a helicopter to herd them into a trap corral. Age of captured horses was determined by teeth characteristics and sex was determined. 6 Serum samples were heat-inactivated for 30 minutes at 56°C and screened for flavivirus-specific IgM by using a WNV IgM capture enzyme-linked immunosorbent assay (MAC-ELISA) and for flavivirus-specific IgG by using an indirect IgG ELISA. 7, 8 The assays were modified slightly by the use of recombinant WNV envelope antigen (Henessey Research Associates, Shawnee, KS) diluted 1:100 in phosphate-buffered saline-Tween 20 and the corresponding negative antigen (Henessey Research Associates). The peroxidase substrate system (2,2¢-azino-di [3-ethylbenzthiazoline-6-sulfonate]; Kirkegaard and Perry Laboratories, Gaithersburg, MD) was used as substrate for the anti-flavivirus conjugate diluted 1:6,000 in blocking buffer for the MAC-ELISA and for the horseradish peroxidase-conjugated goat anti-horse IgG diluted 1:1,500 in phosphate-buffered saline-Tween 20 for the IgG ELISA. Reagent concentrations were determined by checker-board titration. If the optical density of a test sample divided by the optical density of the negative control was ≥ 2.0, the sample was considered provisionally positive for IgM or IgG against WNV. Positive and negative control equine serum samples were used on each ELISA plate.
Serum samples determined to be provisionally positive for IgM or IgG against flavivirus were tested by using a two-fold dilution series and a plaque reduction neutralization test (PRNT) for reactivity to WNV (National Wildlife Health Center American crow [ Corvus brachyrhynchos ] isolate 16399-3) and St. Louis encephalitis virus (SLEV) (CDC TBH-28). 9 Positive and negative control equine (WNV) or avian (SLEV) serum samples, a negative tissue culture control (no virus), and a positive virus control (virus test dose), were included in each PRNT. Sera that exhibited a 90% inhibition of the test dose of the virus were considered positive for the corresponding virus (PRNT 90 ). To differentiate between reactivity to WNV or SLEV, a four-fold difference in titer was required.
Horses sampled in 2008 and 2009 were assigned to four age groups (< 1 year, 1-4 years, 5-9 years, and ≥ 10 years). Horses sampled in 2004-2006 were excluded from statistical analysis because only one animal was seropositive for WNV during that time. We used logistic regression to determine if age or year affected the frequency of seropositive samples and tested for an age effect on seroprevalence within years by using chisquare analysis. We then performed pairwise comparisons of seroprevalence between age groups in 2008 and 2009 by using chi-square analysis with the Bonferroni correction.
In 2004, 1 (0.2%) of 403 horses was seropositive for WNV, but all horses sampled in 2005 and 2006 were negative ( Table 1 ) . In 2008, 19% of the horses were seropositive for WNV, which then decreased to 7.2% in 2009 ( Table 1 ( Table 2 ) . Logistic regression on 2008 and 2009 data combined indicated that the frequency of seropositive samples differed by age group ( P = 0.001) and year ( P = 0.007). In 2009, there was a statistically significant trend of increasing frequency of seropositive samples with age, and the percentage of seropositive samples from horses 5-9 years of age was significantly greater than the percentage in foals and horses 1-4 years of age ( percentage of seropositive samples from horses 5-9 years of age was significantly greater than the percentage in those 1-4 years of age ( Table 3 ) . No horses were positive for antibody against SLEV.
Our finding of one feral horse seropositive for antibodies against WNV in 2004 is consistent with the fact that the virus was detected for the first time in wild birds and in non-domestic and domestic horses elsewhere in Nevada in 2004. 1 It is unclear why none of the horses we sampled in 2005 showed evidence of WNV exposure because WNV was found again in 2005 in wild birds and domestic horses in other areas of Nevada and surrounding states. 10 However, we sampled feral horses from relatively small areas distant from the broader statewide surveillance efforts, and conditions within these localized areas may not have been conducive for virus transmission during 2005. In addition, no evidence of WNV exposure was found among 318 passerines of several species that were sampled on the refuge in 2005, which supported the conclusion that WNV activity there was low that year (National Wildlife Health Center, unpublished data). In 2006, feral horses were sampled in June, which was perhaps too early in the WNV transmission season for these horses to have become infected, accounting for the negative results that year. In all positive horses but one, antibodies to WNV were detected only with the WNV IgG ELISA. The exception was one animal in which antibodies to WNV were detected by the IgG ELISA and the MAC-ELISA. A previous report, citing unpublished data, suggested that IgM to WNV may be detectable in horses for less than three months after infection. 11 Most seropositive feral horses were sampled in September and October. Thus, if they had become infected early in the transmission season, IgM to WNV may have decreased to below detectable levels by the time blood was obtained. An experimental study has shown that horses develop low WNV virus titers and that the associated IgM response is weak in some horses, possibly also contributing to our infrequent detection of IgM. 7 The evidence for increasing overall WNV seroprevalence with age that we found in feral horses on the Refuge in 2009 and the significantly greater seroprevalence in horses 5-9 years of age than in younger animals in 2008 and 2009 is consistent with increased exposure over time. Similarly, because an earlier report cited unpublished data indicating that antibodies to WNV persist for at least 15 months in horses, we expected to see a greater frequency of seropositive samples from feral horses in 2009 than in 2008, rather than the observed decrease. 12 We attribute this primarily to lower WNV activity on the Refuge in 2009. The fact that we did not find a greater prevalence of WNV seropositive samples in horses ≥ 10 years of age than in the other age groups on the Refuge in 2008 and 2009 is inconsistent with the overall age-related trend in animals in 2009, and may have been a result of the small number of horses ≥ 10 years of age that were tested.
Horses are considered dead end hosts of WNV, but wild and feral horses, being unvaccinated, can be useful in WNV surveillance. Although they occupy remote habitats that are generally far removed from human populations, blood samples are routinely obtained from gathered wild and feral horses. 
